Oxidative structural modifications of low density lipoprotein in homozygous familial hypercholesterolemia.
Patients with homozygous familial hypercholesterolemia (FH), as a result of the increased levels and prolonged residence time of low density lipoprotein (LDL) in plasma, have a strong tendency toward accumulation of LDL-cholesterol in the arterial wall, causing premature atherosclerosis. This phenomenon may enhance per se the physiological degradation of both protein and lipid component of LDL, which be more susceptible to oxidative damage induced by oxygen radicals. It is well known that LDL may undergo oxidative modification before being taken up by macrophages which are then transformed into foam cells. It has been suggested that platelet-activating factor (PAF) may play an important role in atherogenesis and PAF catabolism is known to be mediated by serum acetylhydrolase, an enzyme that is normally associated with LDL. Thus, the present study was designed to investigate the structural properties of LDL, including acetylhydrolase activity, in homozygous FH as compared to normolipidemic subjects before and after xanthine/xanthine oxidase-mediated oxidation. We studied 8 homozygous FH patients matched with 8 normolipidemic volunteers. Lipids of LDL fraction were extracted and verified by thin layer chromatography (TLC) analysis. Fatty acids were methylated and injected into a gas chromatograph/mass spectrometer. Vitamin E in LDL was determined by high performance liquid chromatography (HPLC). As an index of susceptibility of LDL to oxidative modifications, the formation of lipid-conjugated dienes was continuously monitored at 234 nm. Lipid peroxidation was also evaluated from the amount of both lipid peroxides (LPO) and malonyldialdehyde (MDA) content. Apolipoprotein (apo) B-100 on LDL was carried on polyacrylamide and agarose gel electrophoresis. In the homozygous FH patients, the relative content of cholesteryl ester was slightly increased. Interestingly, the relative amount of arachidonic acid (20:4) was constantly increased in each lipid fraction in homozygous FH patients. The amount of vitamin E was not significantly different in the patient group from that in the control group. However, LDL from patients carried lower levels of vitamin E (nmol/mg LDL) than controls (2.7 +/- 0.4 vs. 2.9 +/- 0.3 P = NS). The results shows that lag time (min) was decreased (82 +/- 19 vs. 111 +/- 21; P < 0.05) and the maximal rate of diene production and total diene production was increased in homozygous FH patients. Mean levels of MDA were similar in both groups before oxidation, but levels after initiation of oxidation were significantly higher in the patient group. In contrast, mean levels of LPO were already higher in patients before oxidation (58 vs. 27 nmol/mg of protein; P < 0.05), and after initiation of oxidation were also significantly higher at each time points. When oxidized LDL was run on a polyacrylamide gel, an extensive apo B-100 fragmentation replaced by lower molecular mass fragments ranging from 45,000 to 205,000 m.wt., was observed only in LDL from homozygotes. Relative LDL agarose gel mobility shows that LDL from patients migrated higher than LDL of controls. Finally acetylhydrolase activity associated with LDL in patients was significantly reduced as compared to controls. Thus, in homozygous FH patients, LDL appeared more susceptible to oxidation in vitro; the indices for LDL oxidizability were all significantly different from those of controls. This phenomenon might be due to prolonged residence time of LDL in these patients, as suggested from high basal LPO levels and lower vitamin E levels carried by LDL. This hypothesis may explain together with the high content of arachidonic acid, the enhanced susceptibility of LDL from homozygous FH patients to oxidative damage.